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ABSTRACT
This report summarizes the results of a preliminary examination of
four Pennsylvania bridge structures thought to contain electroslag welds.
They included the 179 multiple girder bridges at Meadville in Crawford
County, the Blue Route Bridges over the Schuylkill River in Montgomery
County, the 195 Girard Point approach pier caps in Philadelphia and the
Spring Garden Street Bridge over the Schuylkill River in Philadelphia.
Nondestructive tests were carried out on the Crawford County and Blue
Route Bridges. These tests were supplemented by visual examination and
surface grinding and polishing of the electroslag weldments in the field.
Core samples were removed from several Crawford County, Blue Route
and Girard Point electroslag weldments in order to permit metallographic
studies and to evaluate the Charpy V-Notch absorbed energy of the welds.
The cores removed f·rom the Crawford County Bridges contained cracks, and
this prevented Charpy V-Notch tests from being carried out on these core
samples.
None of the welds examined in the Spr~ng Garden Street Bridge were
found to contain electroslag weldments. As a result, no further work was
carried out on this structure.
The studies revealed significant cracking existed in the electroslag
weldments of the Crawford County Bridges at Meadville. Most of these
cracks were observed to follow the grain boundaries of the electroslag
weldment near the fusion lines. Forty-eight of eighty-four electroslag
iv
welds had detectable cracks or defects. Twenty-two of these joints were
judged to be severe enough to require splicing.
Four electroslag welds and two multiple pass welds in the bottom
flanges of the Blue Route Bridges were found to have rejectable defects.
Charpy V-Notch test results from. the Blue Route Bridge and the Girard
Point pier caps indicated absorbed' energy levels between 4 and 5 ft-lbs.
at 0° F. This was well below the weld qualification test requirements.
As a result of these low levels of absorbed energy, the rejectable defects
in the bottom flange joints of the Blue Route Bridges were judged to be
susceptible to crack propagation and in need of splicing.
The low absorbed energy of the Girard Point pier cap electroslag
welds demonstrated that nondestructive tests were needed to establish the
weld quality in those structures as well.
v
1. INTRODUCTION
When the 179 back channel fractured girder at Neville Island was dis-
covered to have cracked at an electroslag welded splice(l) , and subsequent
examination of the Brady Street Bridge electroslag weldments revealed
numerous fissures(2), all electroslag welded tension splices were consid-
ered suspect(3). As a result, the Pennsylvania Department of Transporta-
tion decided to examine all of its electroslag welded bridges that were
known to exist in Pennsylvania. This examination was carried out by non-
destructively examining the suspect weldments and by removing several
sample cores from electroslag welded flange splices in order to evaluate
the physical properties.
Four bridge sites were targeted for this study. They included the
I79 multiple girder bridges at Meadville in Crawford County which were com-
posed of three simple span bridges with seven girders in both the north-
bound and southbound lanes. This was the first bridge complex fabricated
in Pennsylvania that utilized electroslag weldments. Construction had
started in 1968, and the structure was opened to traffic in October 1970.
The second complex was the Blue Route Bridges over the Schuylkill
River near Philadelphia in Montgomery County. This structure has two
multiple span plate girders and transverse floor beams supporting stringers
and the concrete slab. Electroslag welds were known to exist in several
plate girders. Construction had started in mid 1970, and the structure
was not open to traffic at the time this evaluation started.
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The third structural complex with electroslag weldments was the
Girard Point approach pier caps which were simple span box girders. Elec-
troslag welds were shown as an optional groove weld for the flange splices
in these members. Construction started on this structure in 1969, and it
was opened to traffic in 1976.
The fourth structural complex was the Spring Garden Street Bridge
(upper level) in Philadelphia. Records suggested that several electroslag
welds existed in the top and bottom flange welds of this three span box
girder structure. Construction started on this structure in mid 1964
and it was opened to traffic in December 1965.
The objective of this study was to evaluate and assess a random
sample of electroslag weldments from each bridge site in order to assess
the material characteristics and determine whether or not defects existed.
Nondestructive test records were to be reviewed where they existed, and a
radiographic and ultrasonic inspection was to be carried out on the
Meadville bridges in Crawford County and the Blue Route Bridges in Mont-
gomery County. The results of the nondestructive examination and the
evaluation of sample cores were to be used to provide recommendations for
further work and corrective action as appeared necessary to assure the
structural integrity of the bridges in question.
Figure la shows the Meadville steel framing plan for the southbound
structure. Electroslag welds were provided at each flange splice. Since
the spans were all simple span structures, only the bottom flange splices
were of concern. Figure lb shows the electroslag groove weld detail used
at Meadville.
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Figure 2 shows the Blue Route Bridges which contained electroslag
welded flange splices. All electroslag welds were in the groove weld
butt splices of the longitudinal plate girders of the two girder-floor
beam structures. Since three span and five span continuous bridges
existed, some of the electroslag weldments of concern were located in the
negative moment region at the top flange which was partially embedded in
the slab.
Figure 3a shows the simple supported or cantilevered steel box girders
used as steel pier caps for the north approach to the Girard Point Bridge.
Electroslag welds were used to splice the flange plates for the steel box
cap. Bottom girder flanges for the multiple girder spans framing into the
steel box sections were inserted through the webs of the pier caps and
fillet .welded to seal the box. Figure 3b shows the electroslag weld
detail used for some joints in the Girard Point Bridge.
The initial field examination of the suspect welds in the Spring
Garden structure showed that all of the weldmen'ts were multiple pass welds.
No further work was carried out on this structure once this was discovered.
Sample cores were removed from the Meadville, Blue Route and Girard
Point bridge structures to permit metallographic study of the electroslag
weldments and to evaluate the Charpy V-Notch absorbed energy of sound weld-
ments should they exist. Two 2 in. outside diameter cores were to be
removed from the Meadville structure, three 3 in. diameter cores from the
Blue Route Bridges and two 3 in. diameter cores from the Girard Point pier
caps.
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2. FIELD INSPECTIONS AND NONDESTRUCTIVE TEST RESULTS
2.1 Meadville, Crawford County (L.R. 1017)
An initial inspection trip was made on November 2, 1977 by Bruce
Somers. The objective of this trip was to grind and etch the top flange
surface of the joints from which 2 in. diameter sample cores were to be
removed for detailed laboratory examination. As the top of the flange
surface was ground and etched on the cast fascia. Girder G7B in span 2 of
the southbound bridge, a cracklike indication was observed. Figure 4
shows the polished and etched surface of the groove weld and flange after
the core was removed.
After returning to Bethlehem with this sample core, a more detailed
look at the fusion line on the core surfaces was made. Figure 5 and 6 are
photographs of the plug surface and edge and indicated the intergranular
nature of the crack. The sample core was intentionally placed to contain
the crack tip. The crack is about 0.2 in. deep. Since the crack extends
to the web from the edge of the hole, it is possible for it to be slightly
deeper elsewhere.
An inspection trip was made to the site by J. W. Fisher and A. W.
Pense on November 22, 1977. Some results of the ultrasonic and radio-
graphic inspection were reviewed, and the joints were later examined
visually in the field.
Many of the cracks are d·ifficult to see in the radiographs. Apparently
they are so tight that the line becomes very faint or nonexistent. This
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was obvious from the original crack that was found in Girder G7B of the
southbound bridge. After this crack was found in the field by Bruce
Somers, a reexamination of the radiograph did show very faint lines.
Girder G6B of the northbound structure was examined after first looking at
the radiographs. The radiographs had shown that a defect existed near the
center of the flange along the fusion line adjacent to the thinner plate.
During examination of this detail in the field, a crack was discovered at
the west flange tip that had not initially been seen in the radiograph.
The· crack near the center of the flange was a shallow surface crack on the
bottom surface. Its depth was less than 1/8 in. However, the crack that
was not readily apparent in the radiograph was detectable by ultrasonic
prob~,; and its outline was traceable. It was 1/2 in. deep and at least
3-1/2 in. long.
Figure 7 shows the flange tip of this joint after it was ground to
remove the paint arid then etched to show the microstructure.
Figure 8 shows the flange tip of northbound Girder GlW4A and indicates
that slag was embedded near the fusion line. This was typical of many of
the flange tip indications that were observed at the edges of many of the
electroslag weldments. Several of these conditions are indicated in the
radiographic and ultrasonic inspection reports(5).
Figure 9 shows the lack of fusion crack that was found at southbound
Girder G5W3B~ This crack was also readily apparent in the radiograph of
this joint (see Table 1).
The most common type of cracking that was detected is shown in Figs. 7,
10 and 11. These cracks were generally found near the fusion line. This
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usually occurred on the thin plate side at either the top or bottom sur-
face of the flange. Generally these cracks followed the grain boundaries
and were near the fusion line in the melt back region of the flange.
Typical of the radiographic results are the fusion line cracks that
are shown in the print given in Fig. 12. This was made from the radio-
graph film, and the irregular white markings show the cracks that existed
~ear the thin plate fusion line of southbound Girder G6W4. (Note PTL
designation is G2W4B.)
The nondestructive inspection of the electroslag tension welds indi-
cated that 48 of the joints had cracks or defects (see Ref. 5). These
joints are tabulated in Table 1. Part a of Table 1 shows 22 joints that
were judged to have large defects and are in need of splicing. Part b shows
26 additional joints that had small cracks or defects that were judged to
be tolerable pending further studies.
The radiographic examination indicated that 28 weld joints had
rejectable discontinuities. Twenty of these defects were judged to be
cracks. The remaining twenty defective joints were only defined by ultra-
sonic testing.
2 .2 Blue Route .(Montgomery County)
Prior tc removing sample cores and' undertaking nondestructive tests on
the groove weld~ of the Blue Route Bridge over the Schuylkill River, B. R.
Somers and J. D. Wood made inspection trips on September 30, 1977 and
October 19, 1977 in order to grind and etch the welds and identify the
type of weldments. The September 30, 1977 trip indicated that the three
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welds that were checked in span 14 were multiple pass submerged arc weld-
ments. No evidence of any electros1ag weldments were present.
The second inspection trip on October 19, 1977 permitted eight addi-
tional welds to be examined. These weldments were randomly selected in
spans 0, 1, 2, 3, 6, 7 and 8. All were located on the bottom flange. Only
one electroslag weld was located. This was in a compression flange of the
southbound bridge in span 6, east of Pier 5. A cracklike indication was
observed along the fusion line of this electroslag weldment. This can be
seen in Fig. 13. Two surface weld repairs are also apparent on the
etched edge. The one repair appears directly over the fusion line crack.
As a result of the extensive evidence of multiple pass welds etching
material was provided District 6-0, and they examined several other weld-
ments in the main spans to determine whether or not they were electroslag
welds. As a result ·of this examination several questionable conditions
and possible cracks were located.
Messrs. J. D. Wood andJ. W. Fisher made a third inspection trip on
November 15, 1977 with a photographer in order to examine these questionable
areas and to photograph the surfaces. The examination was restricted to
the weldrnents which were questionable from the surface observation. This
inspection was limited to four electroslag welds and two multiple pass welds.
The weldments in the top and bottom flanges of the south girder in
span 4 of the southbound structure near Pier 4 were both electroslag
weldments that had extensive repair. Figure 14 shows the top flange
(tension) to have repair passes along the fusion lines. Figure 15 shows
the bottom flange (compression) and also indicates substantial repair
along the fusion line and along the plate edge.
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The electroslag weldment in the bottom flange (tension) of the south
girder in span 7 of the southbound bridge near Pier 7 had a substantial
repair on the flange tip, and this can be seen in Fig. 16.
The multiple pass weld in the bottom flange (tension) of the south
girder in span 9 of the southbound bridge near Pier 9 had a cracklike
condition that we examined. The original indication found by District 6
turned out to he a very shallow surface condition which was removed by
grinding. However, while examining the plate edge, a small crack was dis-
covered at the tip that was about 0.1 in. long. This is near the top root
pass of the double vee groove weld. A lamination is also apparent in the
flange tip of the plate. Both of these conditions can be seen in Fig. 17.
The long horizontal crack is the lamination and extends up to the multi-
pass weld. The small crack is marked with an arrow. It is on a 45
degree angle.
The electroslag we1dment in the bottom flange (tension) of the north
girder in span 7 of the southbound bridge near Pier 6 had two slag inclu-
sions along the fusion line. This can be seen in Fig. 18. A repair pass
is also visible along the fusion line. It also appeared from the surface
at lOX magnification that grain boundary fissures may also exist.
The multipass weldment in the bottom flange (tensian) of the south
girder in span 6 of the southbound bridge near Pier 6 had a visible discon-
tinuity that was examined. This can be seen in Fig. 19. It appears to be
a porosity from one of the multiple passes that has been exposed by grind-
ing. This did not appear to have a sharp cracklike condition and could
probably be removed by a small amount of grinding.
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Pittsburgh Testing Laboratories performed nondestructive tests on
17 bottom flange welds and the exterior half of 34 top flange welds. The
results are summarized in Ref. 6.
The results of the ultrasonic and radiographic examination of the
bottom flange joints included five electroslag weldments and twelve
multiple pass weldments.
The only rejectable defects revealed by the radiographs were in span
6 - southbound, Girder G2DWl. This is a compression flange joint where
sample coreG2Dl was removed. The ultrasonic examination did not show
any discontinuities in this joint. Gas holes were indicated in south-
bound span 7 in Girders G5 and G6A.
The electroslag weldment in southbound span 6 - Qirder Gl, weld 2
gave an ultrasonic indication +9 with the 45° prObe. which is acceptable
by AWS, but rejectable by the New York State standards (see Table 2). In
span 11 - northbound, the multiple pass weldment in ~irder G7A, weld 3
had three rejectable discontinuities with the 62° probe.
One other multiple pass weldment was found to contain rejectable
defects. Northbound Girder G7K weld 1 of span 7 had two defects with ±3 Db
ratings.
None of the 34 top flange tension welds which included 28 electroslag
welds and six multiple pass welds indicated any significant defects by the
ultrasonic examination of their outside section - side A. The inside
section - side B could not be reached.
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2.3 North Approach to Girard Point Bridge
No nondestructive tests were carried out on the steel pier caps
which were simple suppo~ted or cantilevered steel box girders.
J. D. Wood and B. R. Somers made an inspection trip on September 30,
1977 and checked three welds in pier caps 21 and 25 of the southbound
structure and on Pier Cap 27 of the northbound structure. The polished
and etched welds were found to be electros1ag welds in Pier Caps 25 and
27. Southbound Pier Cap 21 was found to contain a multiple pass weld. '
As a result of this examination core samples were removed from Pier
Caps 25 and 27.
2.4 Spring Garden Bridge (L.RA 67002)
Two field trips were made to the Spring Garden Bridge in order to
polish and etch weldments thought to be made by the electroslag process.
J. D. Wood and B. R. Somers examined four'welds on September 30, 1977 and
October 19, 1977. All four of these welds were found to be produced by
the'multip1e pass process.
As a result of these examinations, no further work was carried out
on this structure.
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3. MATERIAL PROPERTIES
3.1 Meadville Bridge
In order to determine the physical characteristics of the electroslag
weldments in the Meadville, Blue Route and Girard Point Birdges, sample
cores were removed from selected joints of each of these structures.
The core~ removed from the Meadville bridge were 1-3/4 in. samples.
Both samples were removed from the southbound bridge. One sample was re-
moved from Girder GIBW3A and the second sample from Girder G7BW3B. Prior
to removing the samples the weld joints were polished and etched in order
to locate the sample cores. The sample core removed from Girder G7BW3B
contained a crack. Since both core samples were so small, no Charpy
V-Notch tests were conducted on either sample.
3.2 Blue Route Bridge
In order to assess the physical characteristics of the electroslag
weldments in the main girders of the Blue Route Bridge, three 3 in. di-
ameter cores were removed from joints of the structure. These cores were
removed from the following locations:
Core G2D - Span 6, south Girder G2D of the southbound bridge,
first joint north of Pier 5
Core G5K - Span 7, north Girder G57 of southbound bridge, first
joint north of Pier 6
Core G6D - Span 9, south Girder G6D, southbound bridge, first
joint north of Pier 8
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All cores were centered on the electroslag weldments with the edge
of the core placed 2 in. from the flange tip. Figure 20 shows the
polished and etched edge of Core G6D. The electroslag welds were all
located at the end of the tapered transition on the thin plate side.
Core G2D was 1.15 in. thick, C.ore G5K was 1.2 in .. thick and Core G6D was
2 in. thick.
3.2.1 Fracture Toughness of Weld Metal
Cores G2D and G5K were each sliced into two 0.42 in. thick slices,
and Core G6D was cut into three 0.42 in. slices. Metal10graphic studies
were carried out on each slice prior'to fabricating Charpy V-Notch speci-
mens. These results are discussed in Chapter 4.
The Charpy V-Notch specimens were all notched at the centerline of
the welds, as all cores were about 3 in. diameter and thus optimized,the
number of test specimens. The results of these tests tabulated in Table 3
indicate that all three weld. core samples have low fracture toughness at
0° F. The levels of absorbed energy are directly comparable to the lower
bound values obtained in Refs. 4 and 7. The test 'results from sample
Core G2D were very erra~ic with both high and low values of absorbed
energy.
The average absorbed energy for samples G5K and G6D was 5 ft-lbs. and
4 •. 3 ft-lbs. \vhich is well below the weld· ·qualification minimum of 15 ft-lbs.
at 0° F.
3.2.2 Chemistry
A weld metal chemical', analysis check was made from parts of broken
Charpy V-Notch specimens·. These results are summarized in Table 4.
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3.3 Girard Point Bridge
Two 3 in. diameter core samples were removed from the center of the
tension flanges welds of Pier Caps 25 and 25. Core P25S was removed from
the southbound pier cap and Core P27N was removed from the northbound pier
cap.
Core P25S was 1.65 in. thick, and Core P27N was 1.4 in. thick.
Figure 21 shows the polished and etched edge of Core P25S.
3.3.1 Fracture Toughness of Weld Metal
Core P25S was cut into three 0.42 in. slices and Core P27N was cut
into two 0.42 in. slices. Metallbgraphic studies were carried out on each
slice prior to fabric·ating the Charpy V-Notch specimens.
The Charpy V-Notch specimens were all notched at the centerline of
the welds. The results of these tests are summarized in Table 5. The
results are again comparable to the low values of absorbed energy,
observed in Refs. 4 and 7 and on~ the Blue Route 'Bridge.
The average absorbed energy was 4.5 ft-lbs. for the 13 specimens
tested at 0° F. The three specimens from P25S that were tested at 38° F
provided an average value of 10 ft-lbs.
3.3.2 Chemistry
A weld metal chemical check analysis was carried out on a piece of a
broken Charpy V-Notch specimen from pier cap Core P25S. These results
are summarized in Table 6.
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4. METALLOGRAPHIC STUDIES
4.1 Meadville
Both weld samples removed from the Meadville Bridge exhibited signifi-
cant cracking along the grain boundaries of the electroslag welds.' These
crack conditions can be seen in Figs. 4, 5 and 6. The radiograph print
shown in Fig. 12 also exhibited this same type of cracking.
Generally most of the c~acking appeared to be concentrated near the
fusion line of the weldments. This concentration of cracking was also
verified by the ultrasonic and radiographic inspections.
The discontinuities shown in Fig. 8 was typical of several flange tips.
They appeared to result from the attachment and removal of run-out tabs.
Generally this resulted in slag pockets and evidence of several gouge marks.
Only joint G5BW3B of the' northbound strcture exhibited the lack of fusion
condition that is shown in Fig. 9. This developed at the interface
between the base metal and molten weldment at one plate surface.
4.2 Blue Route Bridge
The three flange core samples removed from electroslag welds in the
Blue Route Bridge were each cut into segments after the exterior surfaces
of the cores were polished and etched (see Figs. 20 and 21). Cores G2D
and G5K were sliced so that two 10 mm thick segments resulted. Core G6D
was sliced so that three 10 mm segments were available. Each of these
slices were polished and etched in order to examine the weld microstructure
and detect any grain boundary fissures. No evidence of grain boundary
fissures were detected in Cores G2D, G5K or G6D as shown in Figs. 22 to 27.
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Figures 22 and ~3 show photomicrographs from Core G2D. Figure 22
shows the large grain structure detected in the electroslag weldment. A
repair weld was made near the fusion line, and Fig. 23 shows the repair
weld and heat affected zone.
Figures 24 and 25 show photomicrographs from Core GSK. Figure 24
shows the large grain size near the surface of the electroslag weld, and
Fig. 25 shows the more refined grain structure at the center of the weld.
Figures 26 and 27 show photomicrograph from Core G6D. Figure 26
shows the junction of the electroslag weld and repair weld (see. Fig. 20).
A greater magnification of this zone is given in Fig. 27 at 250X.
4.3 Girard Point Pier Caps
The two cores removed from electroslag welds in the Girard Point pier
caps were each sliced into segments. Each surface of these segments was
polished and etched~ No evidence of grain boundary fissuring was found
in these two cores, as shown in Figs. 28 to 31.
Figures 28 and 29 are typical of the grain conditions that were found
to exist in Core P25S. Figure 28 shows the large grain structure observed
near the surface of the core adjacent to the fusion line.- Figure 29 shows
the centerline of the electroslag weld.
Figure 30 shows a similar condition in Core P27N near the fusion line.
Figure 31 shows the center of the electroslag weld from Core P27N.
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5. ANALYSIS AND EVALUATION OF DEFE"CTS
The nondestructive examination of the electroslag weldments in the
Meadville and Blue Route Bridges indicated that significant defects ex-
isted in several of the electroslag weldments. No nondestructive inspec-
tion was made of the Girard Point Bridge weldments in this study.
The expected range of fracture toughness of the weldments in all
three bridge structures was evaluated from the Charpy V-Notch tests
carried out on the samples removed from the Blue Route and Girard Point
Bridges. No tests were carried out on the Meadville Bridge, because of
the small core size and the extensive cracking that existed in the small
cores. Figure 32 shows the range of fracture toughness reported in
Refs. 4 and 7 for dynamic and static loading. Only the scatter bands of
the test data are shown. The Charpy.V-Notch test results from the Blue
Route and Girard Point Bridges have been transformed into KId values, and
these are plotted in Fig. 32. This comparison suggests that a K1c of 50
to 60 ksi lin. at 0° F is likely to exist in these bridge weldments.
5.1 Meadville
The fusion line cracking detected in the Crawford County bridge at
Meadville can be assessed considering the stress intensity factor for an
edge crack. This can be expressed as
K = 1.12 cr &
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where a is the crack depth and a the yield strength of the A36 steel
girders. If the stress field is assumed to equal the yield stress of
40 ksi, the maximum crack depth of 0.5 in. results in a stress intensity
of 56 ksi /iQ., which would approach the lower bound fracture toughness
of the electroslag weldment.
Fortunately, nearly all large cracks detected in the 'Meadville
bridges are located on the bottom surface of the flange or near the flange
tips (see Figs. 7, 8, 9, 10 and 11). As a result, the crack does not
reside in a high' residual tensile stress region~ There are high residual
tensile stresses at the web-to-flange welds, but this results in a
gradient through the thickness and the bottom surface of the flange will
likely be in compression from residual stress. It is more likely that
the actual maximum stress is about a /2. This would result in a maximumy
stress intensity of about 30 ksi lIn.
Fracture is not likely to occur even at low temperature at this level
of stress intensity.
Such cracks will experience fatigue crack growth from traffic.
Stress ranges in excess of 2 ksi ,will likely exceed the crack growth
threshold. The traffic volume is not great, so that any enlargement will
be very slow.
Smaller cracks may be sensitive to the stress concentration which
results from the weld reinforcement. This will not significantly affect
the fracture resistance, "but is likely to assist fatigue crack propagation.
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5.2 Blue Route Bridge
Most of the defects detected in the weldments of the Blue Route
Bridge were embedded in the weldrnent. The stress intensity factor for
such defects will be bounded by 'the solution
where a1 is the radius of a penny-shaped crack and aZ is the depth of a
corner crack.
None of the exis,ting flaws would lik~ly result in fracture without
enlargement from fatigue crack propagation. With a critical stress inten-
sity factor K = 50 ksi lin. and assuming yield point residual stress, the
c
resulting critical crack size is estimated to be:
a lcr ~ 0.78 in.
a !:::: 0.32 ·2cr l.n.
None of the defects detected appear critical until enlarged by fatigue
crack propagation.
5.3 Girard Point Pier Caps
The Girard Point Bridge pier caps have electroslag weldments with
the reinforcement in place as can be seen in Fig. 21. This condition
does result in a stress concentration condition. These weldments were
not inspected during this study.
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No grain boundary fissures were detected in the two core samples
that were removed from the structure. Hence, no known defects are known
to exist in these weldments at the present time.
The weld profile is similar to the Crawford County Bridge at Meadville.
Hence, further studies on the Crawford County weldments with known crack-
ing should assist with determining whether or not such cracking may develop
at the Girard Point pier caps.
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6. RECOMMENDATIONS
The results of the studies carried out on the Crawford County Bridge
at Meadville and the Blue Route Bridge in Montgomery County were· used to
develop recommendations for retrofitting joints with rejectable defects
as well as further studies. Since no nondestructive tests were carried
out on the Girard Point pier caps during this study, no retrofit recom-
mendations are provided for those structures. Following are a summary
of the recommendations.
6.1 Meadville Bridges
1. All electroslag welded joints with large defects or cracks should
be retrofitted by providing splice plates. Table 1a provides a
listing of 22 joints that need splice plates installed during
1978-79. Prior to installing the splice plates, slotted holes
should be installed in the web directly above the e1ectroslag
weldments in order to prevent crack extension into the web.
2. Four inch diameter cores should be removed from selected joints
with known defects and cracks in order to determine why these
cracks formed, what their physical properties are, and what
fatigue crack propagation behavior and fracture resistance
exist. Table 7 shows the listing of the recommended cores and
their location.
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3. All joints requiring retrofit repairs can be spliced under normal
traffic. Drilling holes for bolts and removing the designated
sample cores will not be injurious to the structure.
4. The remaining 26 joints with smaller defects that are listed in
Table lb need not be retrofitted until studies are carried out on
the sample cores removed from the structure. None of these de-
tails will experience significant amounts of fatigue crack propa-
fation at current truck traffic volume during the next five years.
No joints in this list are in danger of developing enough crack
growth to pose a danger to fracturing the cross-section prior to
completing planned studies.
6.2 Blue Route Bridges
1. Electroslag weldments with defects should be retrofitted with
splice plates and their webs slotted above the electroslag weld-
mente Table 8a lists those weldments requiring retrofit.
2. Splice the multiple pass 'weldments in northbound span 7 Girder G7K
weld 1 with defect rating of -3 Db, and in northbound span 11,
Girder G7A weld 3.
3. Remove 4 in. sample core at weld defects from the following welds
Southbound span 7, Girder G6A weld 1
Southbound span 6, Girder GlE weld 2
Northbound span 11, Girder G7A weld 3
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4. Slot the web directly below the 28 electroslag weldments that
exist in the top tension flanges at negative moment regions. No
defects were detected in any of these weldments. The slotted
hole will reduce the tensile residual stresses acting on the weld
from the web-flange fillet welds.
5. Conduct a stress history study of the electroslag welds in the
negative moment regions that are embedded in the concrete slabs
so that the crack growth threshold can be established.
6.3 Girard Point Pier Caps
1. The electroslag welds in the Girard Point pier caps should be
nondestructively examined to ascertain whether or not significant
defects exist.
2. Recommendations for retrofitting any joints should await the
results of the nondestructive examination and the results of
studies on samples removed from the Meadville Bridge members.
The fusion 'line cracking ;observed at Meadville may be related
to the joint geometry. Comparable. weld reinforcement exists on
both structures.
7. SUMMARY AND CONCLUSIONS
7.1 Crawford County Bridges
1. Significant cracking was detected in the electroslag weldments of
the Crawford County Bridges at Meadville. The nondestructive
examination with radiography and ultrasonics was initially unable
to clearly define many of the defective joints. After several
joints were ground and polished, surface cracks could be seen to
exist near the fusion line at the weld transition. This permitted
a more effective evaluation of the nondestructive test records.
2. Most of the cracks detected in the Meadville Bridges were observed
to follow the grain boundaries. The ccacks were most often
located near the fusion line adjacent to the thin plate side of
the weld. Cracks were also discovered at the thick plate side
and on occasion within the weld.
3. Forty-eight of the 84 electroslag-welds at Meadville had detect-
able cracks or defects.. Twenty-two of these defects were judged
to be large enough to require splicing the joint.
4. Four electroslag welds and two multiple pass welds in the bottom
tension flanges of the Blue Route Bridge were found to have re-
jectable defects as a result of radiographic and ultrasonic tests.
No rejectable defects were detected in the top tension flanges
that were embedded in the concrete slab •
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7.2 Blue Route
1. The investigation of the flange weld cores removed from the Blue
Route Bridge in Montgomery County and the Girard Point pier caps
in Philadelphia yielded no evidence of grain boundary fissures or
other defects. Extensive evidence of weld repair passes were' ob-
served along the fusion line of cores removed from both structures.
2. The Charpy V-Notch test results from the B~ue Route Bridge and
Girard Point Bridge welds indicated that their average absorbed
energy was about the same. At 0° F they resulted in absorbed
energy levels between 4 and 5 ft-lbs. This level of fracture
toughness was well below the weld qualification test requirement
of 15 ft-lbs. at 0° F.
3. As a result of the low level of absorbed energy of the Blue Route
electroslag ~elds and the existence of rejectable defects in the
bottom flange weld joints, those joints were judged to be sus-
ceptible to crack propagation and in need of splicing.
4. All' top. flange tension welds were found to have significant dis-
continuities. Web slots were recommended to decrease the re-
sidual tensile stress acting on the electroslag weldment and to
increase the redundancy of the cross-section.
5. Stress range studies were recommended for the negative moment
regions of the Blue Route structure in order to establish the
anticipated stress spectrum of the embedded tension flanges.
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7.3 Girard Point Pier Caps
1. The low absorbed energy of the Girard Point pier cap electroslag
welds demonstrated that nondestructive tests were needed to
establish the quality of the welds in order to establish whether
or not retrofitting was necessary.
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TABLE 1: SUMMARY OF JOINTS IN CRAWFORD COUNTY BRIDGE
AT MEADVILLE WITH DEFECTS
(a) Joints with Large Defects
Southbound Bridges Northbound Bridges
Joint UT Rating* Joint UT Rating*
GIW4 +6 G3W2 R
G2W1 R, +5 G3W4 R
G3Wl R, +4 G5Wl R, +8
G3W2 R G5W2 R
G3W4 R, +6 G5W3 R, +6
G5Wl +6 G5W4 R
G5W4 R, ·0 G6Wl R
G6Wl R, +5 G6W4 R
G6W3 R GIIW4 R, +2
G6W4 R G13W3 R
G7W2 R,
G7W3 R, +5
(b) Joints with Small Defects
GIWI +10 GIW3 -4
GIW3 R G1W4 R
G2W2 G2W2 R, +5
G2W3 G3W3 +6
G2W4 +8 G4Wl +9
G3W3 G4W4 R
G4Wl R, +10 G9W1 +14
G4W2 G9W2 +13
G4W4 +10 G9W3 +11
G5W2 R GIOW3
G5W3 +6 G11W2
G6W2 +16 G13W4 +8
G7Wl
G7W4
+U.T. Db level
*R indicates radiographic defect
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TABLE 2*
TABLE 700B - HIGH\VA Y AND RAILWAY BRIDGES
MINIMUM ACCEPTANCE LEVELS (OEC1BELS)
Weld'Thickneu and Trantducer Angle
REFLECTOR
SEVERITY SI':6 to 3/4 >.~ to 1% >1% to~}f. > 2~'to6
10" 700 7tf GO° • -45*' • 7et 6(f • 4SO •
large Refl&Cton +1-4 +9 +5' +9 +11 +4 +7 +9
SfTl,\1f RefJecto'n +15 +10 +8 +11 +13 +6 +9 +11
MinOf R-efJecton +16 +11 +10 +13 +15 +10 +13 +15
LARGE REFLECTORS:
Any discontinuity, regardless of length having a more serious
rating (smaller number) than this .level shall be rejected.
SMALL RELFEC,TORS:
An)' discontinuity longer than ~,. having 3' more serious rating
(smaller number) than this level shall be reje..:ted.
MINOR REFLECTORS:
Only those discqntinuities exceeding 2" in length and having a
rnore serious rating (smaller number) than this level shall be rejected.
NOTES:
SCANNING LEVELS
Sound Path Above Zerc
Distanca Reference
to 2%" . +20 db
> 2% - 5" +25 db
>6-10" +35. db
> 10 - 15'· +45 db
> 15 - 20u +56 db
J. Discontinuities whic'h have a more serious rating than those of u~1inor Reflectors," shall be separated by at least
21., L being the length of the larger discontinuity. Disc'ontinuities not separated by at least 2L are considered to
be one continuous discontinuity whose length'is determined by the combined length of the discontinuities plus
cheir separation dist3.nce.' ,
2. Discontinuities wh)ch have a more selious rating that those of UMinor Reflecton" shall not begin at a distance
slmller than 2L from the end of the ~t~ld or from any interse~ting weld, Lbeing the discontinuity length..
3.- Discontinuities in the rool-Iand area of 'complete joint penetration Duuble Vee, Double "Ju, Double utrt
and Double Bevel Groove Welds det~cted at "Scanning uvel" shall be evaluated at an acceptance level 4 db.
more sensitive than prescribed by this tabje.~ i.e., add plus four units to the number in the table ..
4. Discontinuities which have a more serious rating than those of ufw1inor R~t1ectorsu and which exceed .,." in length
are permitted only in the middle half of the weld thickneu.
·flaws eV:Jluated with bO° or 45°' search units and rejected at the acceptan~e lev'els listed in the table, but which are'
acceptable a1 the minimum acceptance leveJ listed for a 70° transducer shall also be evaluated Wlth a 70iJ t 70° & 45°
Of 70° & hO° search units. as nel.:essary to evaJuate the flaw with aU three angles transducers. If this detailed testing
reveals thal the sound beam of the 60° or 4Sa search unit is striking the flaw at 90° ± 15~ the acceptance level listed
for· I 700 transducer shall be used as th~ basis for acceptance. regardless of the angle of the search unit used to
cv;Ju~te the l1aw.
*Taken from New York State Steel Construction Manual, Revised version dated
. February 2~ 1976.
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TABLE 3: CHARPY V-NOTCH TEST DATA
FOR BLUE ROUTE BRIDGE
Absorbed Lateral
Specimen Type Flange Energy Expansion
(ft-lbs. ) (mils)
GSKl-l Tension 3.5 7.0
G5KI-Z " 4.5 8.5
G5Kl-3 " 4.5 10.0
G5KZ-l " 6.0 4.0
G5K2-Z " 7.0 5.0
G2Dl-l Compression 8.5 15.5
G2Dl-2 " 22.5 28.5
G2Dl-3 " 5.0 12.0
G2Dl-4 " 27.5 36.0
G2D2-1 " 15.0 9.0
G2D2-2 " 5.0 4.0
G2D2-3 " 34.0 16.0
G6Dl-1 Compression 4.0 9.5
G6DI-2 " 5.0 10.0
G6DI-3 " 6.0 10.5
G6D2-1 " 3.5 8.0
G6D2-2 " 3.5 8.0
G6D2-3 " 3.5 8.0
G6D3-1* " 22.0 10.0
G6D3-2* " 18.0 13.0
*Tested at 38°, all other specimens tested at 0° F
-28-
TABLE 4: WELD METAL CHEMISTRY OF BLUE ROUTE WELDMENTS
G5Kl-l G6D2-1 G6Dl-2 G2Dl-2
Carbon 0.17% 0.15% 0.16% 0.17%
Silicon 0.32 0.17 0.19 0.33
Manganese 1.05 0.69 0.66 0.66
Phosphorus 0.05 0.05 0.08 0.07
Sulfur 0.039 0.032 0.03 0.037
Chromium 00'14 0.19 0.18 0.12
Copper 0.11 0.12 0.11 0.07
Molybdenum 0.007 0.012 0.012 0.008
Vanadian 0.004 0.003 0.004 0.001
Nickel 0.07 0.11 0.11 0.06
Aluminum ·0.01 0.006 0.006 0.005
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TABLE 5: CHARPY V-NOTCH TEST DATA FOR
GIRARD POINT PIER CAPS
Absorbed Lateral
Specimen Energy Expansion
(ft-lbs.) (mils)
P25S2-1 5 3
P25S2-2 5 4
P25S2-3 4 2
P25SI-1 3 3
P25S1-2 4 3
P25S1-3 4 5
P25S1-4 4 4
P25S3-1* 11 9
P25S3-2* 10 8
P25S3-3* 9 4
P27Nl-l 4 3
P27Nl-2 6 4
P27Nl-3 5 3
P27N2-1 5 2
P27N2-2 4 4
P27N2-3 5 4
*Tested at 38° F, all other specimens at 0° F
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TABLE 6: WELD METAL CHEMISTRY OF GIRARD POINT PIER CAP
P25S1 P25S3
--
Carbon 0.19 0.18
Silicon 0.35 0.42
Manganese 0.96 0.94
Phosphorus 0.05 0.048
Sulfur 0.037 0.037
Chromium 0.05 0.04
Copper 0.03 0.03
Molybdenum 0.003
Vanadium 0.001
Nickel 0.01 0.01
Aluminum 0.006 0.008
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TABLE 7: LOCATION OF SAMPLE CORES TO BE REMOVED
FROM THE MEADVILLE BRIDGE
PTL Shop Dwgs.
Identification Designation 4 in. Core Location
SB GIW2B G7W2B Center on thin 4* in. from tipplate FL
SB GIW3B G7W3B Center on existing 8 in. from tip
crack
SB G2WIA G6WlA Center on thin FL 5 in. from tip
SB G2W3A G6W3A Center on thin FL 3 in. from tip
SB G3W4B G5W4B Center on thin FL 5 in. from tip
SB G5WlA G3WlA Center on thin FL 5 in. from tip
SB G5W2B G3W2B Center on thin FL 2-1/2 in. from tip
SB G6WIA G2W1A Center on weld 6 in. from tip
NB G2W1A G6W1A Center on thin FL 1-3/4 in. from tip
NB G2W4A G6W4A Center on thin FL 1-3/4 in. from tip
NB G3W2A G5W2A. Center on thick FL 2 in. from tip
NB G3W3B G5W3B Center on thick FL 2 in. from tip
NB G5W2A G3W2A Center on thin FL 4 in. from tip
NB G9W3B G13W3B Center on weld 3 in. from tip
NB GI1W4A GI1W4A Center on thin FL 1-3/4 in. from tip
*Center of core
FL = Fusion line
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TABLE 8: SUMMARY OF JOINTS REQUIRING SPLICE PLATES
ON BLUE ROUTE BRIDGES
(a) Electroslag Weldments
Southbound Span 6 Girder Gl Weld 2
Southbound Span 7 Girder G5 Weld 1
Southbound Span 7 Girder G6A Weld 1
Southbound Span 6 Girder G2E Weld 1
(b) Multiple Pass Weldments
Northbound Sp~n 7 Girder G7K Weld 1
Northbound Span 11 Gird'er G7A Weld 3
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Fig. 5 Macrostructure of Top Surface of Plug Showing
Intergranular Cracking Near Fusion Line;
Magnification -2X
Fig. 6 Macrostructure. of the Edge of Plug showing
Crack 'Extending into Weldment about 1/2 in.
Magnification -2X
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Fig. "7a Irregular Fusion Line Crack at Flange Tip
of Northbound Girder G6 W4A Before Etching
Fig. 7b Irregular Fusion Line Crack at Top Tip of
Northbound Girder G6"W4A after Macroetching
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Fig. 8 Flange Tip at Northbound Girder Gl W4A
Showing Slag at Fusion Line
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Fig. 9a Flange Tip at Northbound Girder G5 W3B
Showing Lack of Fus~on
Fig. 9b Lack of Fusion Extending Across Northbound
Girder G5 W3B about 2 inches
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Fig. 10 Crack in Flange Tip of Northbound'Girder GIl W4A
Crack in Electroslag Weld near Reinforcement
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Fig. 11 Cracks ,in Southbound Girder G6 W4A at Transition Region
Irregular cracks follow grain boundaries
Note that reinforcement has been removed from this weld joint.
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Fig<) 12 Print of Radiogr·aph of SOltLhl-)()und Girdpl." G6 hlLIE
Irregul,a r -~'lh it e 1'(1(:1-, L;; ,.1.1- e era cl(s ~
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Fig •. ,13 Electros1ag Weldment with Fusion Line Crack
in Compression Flange Joint
Span 6 South Girder - Southbound Structure Near Pier 5
Fig. 14 Electroslag Weldment in Top Flange
Span 4 South Girder - Southbound Structure Near Pier 4
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Fig. 15 Electroslag Weldment in Bottom Flange Span 4 South Girder
- Southbound Structure near Pier 4
Fig. 16 Electroslag Weldment in Bottom Tension Flange Span 7
South Girder - Southbound Structure near Pier 7
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Fig. 17 Multi-pass Weld in Bottom Tension Flange
Span 9 South Girder - Southbound Structure near Pier 9
Small Root Crack and Lamination
Fig. 18 Electroslag Weldment in Bottom Tension Flange
Span 7 North Girder -
Southbound Structure near Pier 6
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Fig. 19 Multi-pass Weld in Bottom Tension Flange
Span 6 South Girder -
Northbound Structure near Pier 6 -
Exposed Porosity
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Fig. 20 Polished and Etched Surface of Core G6D showing
Electroslag Weld and Multiple Pass Repair Weld
Fig. 21 Polished and Etched Surface of Core P25S showing
Weld Reinforcement and El'ectroslag Weld
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Fig. 22 Microstructure of Core G2D - X50
Fig. 23 Microstructure of Core G2D - X50
Showing Weld Repair near HAZ
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Fig. 24 Microstructure of Electroslag Weld
from Core G5K near Surface - SOX
Fig. 25 Microstructure of Center of Weld
in Core G5K - 50X
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Fig. 26 Microstructure at Junction of Electroslag Weld
and Repair Weld in Core G6D - SOX
Fig. 27 Higher Magnification Photomicrograph at Core G6D
(Fig. 26) - 250X
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Fig. 28 Microstructure from Core P25S - SOX
Fig. 29 Microstructure of Center of Weld - Gore P25S - SOX
-55-
Fig. 30 Microstructure near Fusion Line of Core P27N @SOX
Fig. 31 Microstructure of Weld Centerline of Core P27N @ SOX
-56-
-120
-100
~
(I)
..:.r::
-80
>-
I-
(J)
z
-60 LLJt-
Z
CJ)
(/)
-40 IJJa:
I-
en
-20
40
·10050
-40 0
TEMPERATUR'E , °C
.' Girard Point
o Blue Route
TEMPERATURE, OF
-100 -50 0
-80
20
L; 100
c
a..
~
... 80
>-~
en
z
~ 60
z
en
(J)
w 40
a:
I t-
CJ)
Fig. 32 Comparison of Fracture Toughness Estimates from
Charpy V-Notch Data with Other Available Electroslag Data
-57-
REFERENCES
1. ENR
CRACKED GIRDER CLOSES 1-79 BRIDGE, Engineering News Record,
February 10, 1977e
2. Grata, J.
CRACKS FOUND IN UNFINISHED BRADY STREET BRIDGE, Pittsburgh Press,
May 25, 1977.
3. Lindberg, H. A.
FHWA Notice N5040.23, Electroslag Welding, February 16, 1977.
4. Benter, W. P. and Schilling, C. G.
ACCEPTANCE CRITERIA FOR ELECTROSLAG WELDMENTS IN BRIDGES,
NCHRP Report 201, Transportation Research Board, May 1979.
5. Pittsburgh Testing Laboratories
Radiography and Ultrasonic Examination, Bridge LRIOl7 Section 6,
Crawford County, Final Report, September 24, 1980.
6. Pittsburgh Testing Laboratories
Radiography and Ultrasonic Examination, Bridge LRIOIO Dl over
Schuylkill River, Final Report, June 15, 1978.
7. Cu1p, J. D.
ELECTRO SLAG WELDMENTS - PERFORMANCE AND NEEDED RESEARCH,
Welding Journal, Vol. 58, No.7, July 1979, pp. 27-41.
-58-
ACKNOWLEDGMENTS
This investigation was part of Fritz Engineering Laboratory Project
No. 438 sponsored by the Pennsylvania Department of Transportation
The study reported herein was conducted at the Fritz Engineering
Laboratory and Whitaker Laboratory, Lehigh University, Bethlehem,
Pennsylvania. The authors wish to acknowledge the help of Mr. R. McDemus
for his assistance in the conduct of the tests carried out on the sample
cores. Appreciation is also dueta Mrs. Ruth Grimes for typing the
manuscript, Mr. John Gera for preparation of the figures and Mr. Richard
Sopko for his photographic work.
The nondestructive testing was carried out by Pittsburgh Testing
Laboratory under the guidance of W. H. Carnes.
-59-
